Thoracic ossification of the ligamentum flavum (OLF) has been widely recognized as a main cause of thoracic myelopathy in Asia, particularly in Japan. However, thoracic OLF rarely causes radiculopathy. We report a rare case of thoracic radiculopathy caused by OLF. A 67-year-old male presented with a chief complaint of back pain radiating to the right of the abdomen. Neurological examination revealed mild sensory deficit at the right side of the abdomen at the T9-10 level. Magnetic resonance imaging and computed tomography demonstrated OLF at the right T9-10 level. Thoracic radiculopathy caused by OLF was suspected. Because conservative treatment was not effective to this lesion, surgical intervention was performed, and the pain disappeared immediately after the operation. Thoracic OLF rarely causes radiculopathy, but it should be considered as a differential diagnosis of thoracic radicular pain. When conservative treatment is not effective in this lesion, surgical treatment should be considered.
Introduction
Thoracic radiculopathy is a rare condition with few reports on appropriate management (1) . Factors causing thoracic radiculopathy are mainly disc herniation, spondylosis, tumor, cysts, and fracture of vertebral body (2) (3) (4) (5) (6) (7) (8) . Thoracic ossification of the ligamentum flavum (OLF) has been widely recognized as a main cause of thoracic myelopathy in Asia, especially in Japan (9) . However, thoracic OLF rarely causes radiculopathy (10) . We present a rare case of thoracic radiculopathy caused by OLF, and an operative intervention improved the symptoms.
Case report
A 67-year-old male visited our clinic with severe back pain radiating to the right abdomen without preceding trauma. The symptom deteriorated while sitting or standing. It was completely relieved by supine position. He has had diabetes mellitus for 5 years treated by medication.
Neurological examination revealed mild sensory deficit at the right side of the abdomen at the T9-10 level. Manual muscle testing showed no muscle weakness of lower extremities. The tendon reflexes were normal.
Plain radiographs of the thoracic spine showed mild degenerative changes in the T3 to T11 vertebral bodies and discs ( Figure 1 ). T2-weighted magnetic resonance imaging (MRI) demonstrated thickening of the ligamentum flavum at the right T9-10 level (Figure 2 ). Computed tomography (CT) after conventional myelography demonstrated OLF at the right T9-10 and bilateral T10-11 levels. Though compression of the spinal cord was not clear, compression of the right T9 nerve root at the T9-10 level was suspected (Figure 3 ). We performed a selective nerve root block of the right T9 nerve root for diagnostic treatment. The patient's pain decreased just after the procedure; however, the effect was temporary. From these findings, we diagnosed right T9 radiculopathy caused by OLF at the right T9-10 level.
Pain killers were prescribed at first, but the symptoms did not improve. Then an operation was scheduled. Because there remained a possibility that OLF at the right T10-11 level contributed to the symptoms and the patient occasionally complained about left back pain, fenestrations of the right T9-10 and bilateral T10-11 levels were performed under general anesthesia. Epidural fat tissue disappeared at the right T9-10 level, which indicated that OLF compressed the dura matter. OLF at the T10-11 level was smaller than that of the T9-10 level, and there was no apparent compression sign of the T10 nerve roots.
The pain disappeared, and sensory deficit improved just after the operation. CT after the operation demonstrated that decompression was enough at the right T9-10 ( Figure 4A ) and bilateral T10-11 ( Figure 4B ) levels.
The patient was informed that his clinical data would be summarized in a manuscript and be submitted for publication. He gave his consent.
Discussion
Since Polgar first reported a case of OLF in 1920 using plain radiographs (11) , most reports of thoracic myelopathy caused by OLF have had their origin in Japan (12) . A symptomatic OLF may be a relatively common condition in the elderly population in East Asia (13) . Although Kudo reviewed 1744 lateral chest radiographs and revealed OLF in 6.2% of male and 4.8% of female patients, all of the cases were asymptomatic (14) . From studying 128 skeletal preparations, Hiraoka concluded that a minimum of 34% of them had at least one OLF (15) . The lower thoracic spine (T9-12) is the most frequently affected segments, while the mid-thoracic spine (T5-8) is rarely affected (16) .
The underlying etiology and pathogenesis of OLF are still unknown (17) . It has been documented that the incidence of thoracic OLF is higher in patients with diffuse idiopathic skeletal hyperostosis, fluorosis, diabetes mellitus, ankylosing spondylitis, and ossification of the posterior longitudinal ligament (OPLL) (9) . Recent studies indicate that the development of OPLL is associated with certain genetic factors (18, 19) . These factors may also play a specific role in the origin of OLF (20) . Our patient had no ossification of the other spinal ligaments. However, he had diabetes mellitus, and it has been considered as a risk factor of OLF.
OLF is usually located in the lower thoracic spine (16) . This may be explained by the fact that this region is transitioning from the thoracic to the lumbar spine and there is less anatomic protection from the rib cage (21) . Ligamentum flavum at this region is repeatedly exposed to mechanical stress due to hypermobility, which might induce OLF (9) . In the present case, OLF was localized at the T9-10 and T10-11 levels. It indicated that mechanical stress might have influenced the development of OLF.
Ligamentum flavum has two portions, the interlaminar and the capsular ones (22) . Ossification usually begins in the capsular portion and spreads to the laminar portion (20) . OLF compresses the spinal cord or root from the posterolateral side and causes symptoms (23) .
There are only a few reports of thoracic OLF causing radiculopathy (8, 12, 24, 25) . Liao reported 24 cases of thoracic OLF, and only one case presented radiculopathy (8) . Most of the reported cases were presenting radiculopathy together with myelopathy. Thoracic OLF causing radiculopathy without myelopathy like our case is extremely rare.
Ikata suggested that thoracic OLF rarely caused radiculopathy because ossification usually begins at the attachment to the capsular portion of the T9 Figure 1 . Lateral plain radiograph of the thoracic spine. There were mild degenerative changes in T3 to T11 vertebral bodies and discs.
ligamentum flavum and spreads to the posteromedial side, which indicates that the foramen might be intact (10) . From studying 49 skeletal preparations, Sakou reported that the ossification was located at the inferior side of the nerve root and hardly compressed the root (26).
Iihara reported a case of thoracic OLF causing radiculopathy. The symptom deteriorated while sitting or standing and was completely relieved by supine position, as in our patient (27) . This symptom might be characteristic to thoracic OLF causing radiculopathy. When conservative treatment is not effective, surgical treatment should be considered. Several posterior decompressive methods (open-door laminectomy, en-bloc laminectomy, fenestration, hemilaminectomy, and key-hole foraminotomy) for the ossified lesions are advocated (28) . In the present case, ossifications of the bilateral ligamentum flavum did not fuse in the spinal canal, and we selected fenestrations. We could remove the ossified lesions safely, and the patient's symptoms disappeared completely.
Conclusion
We present a rare case of thoracic OLF causing radiculopathy. In case of patients with thoracic radicular pain, thoracic OLF should be considered as a differential diagnosis. When conservative treatment is not effective, surgical treatment should be considered.
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